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OBSERVATIONS ON TYROSINASE ACTIVITY IN MELANOCYTES OF
FRECKLED HUMAN EPIDERMIS*
AODAN S. BREATHNACH, M.D., M.Sc.
In freckled human skin, immediately adjacent
and sharply circumscribed epidermal areas of
markedly different degrees of pigmentation are
encountered. In a freckle preformed pigment is
abundant, the melanocytes are large with numer-
ous branching processes, and are present in lower
numbers per unit area than the smaller, less
highly-branched cells of the nearby paler and
poorly pigmented epidermis (1). Freckled skin
therefore, should provide very suitable material
for a study of the histochemical reactions with
various substrates of melanocytes of different
morphology and population densities, and for a
comparison of any resulting melanogenic activity
with the amount of naturally occurring melanin.
In a previous report (1), details were given of
differences in the "Dopa" and supra-vital stain-
ing activities of the melanocytes of freckle and
pale epidermis. The present study reports ob-
servations on the tyrosine reaction in similar
material, made from the point of view of com-
parison with the "Dopa" findings, and with
certain findings of other workers in both human
(2, 3, 4) and laboratory animal (5, 6, 7) material.
Details are also given of the effects of dilute
copper sulphate on the tyrosinase activity of
melanocytes of freckle and pale epidermis, and
their significance in relation to the sulfhydryl-
inhibition theory of the control of the melano-
genie response to ultra-violet irradiation is dis-
cussed. A preliminary account of these latter
findings has been published elsewhere in abstract
(8). The possibility that human melanocytes
might be capable of utilizing tryptophane, as is
the case with mouse melanocytes (9), was also
investigated.
MATERIALS AND METHODS
Samples of normal human skin, each bearing a
freckle together with an area of surrounding
paler skin, were removed from the flexor aspect
of the forearm and the medial side of the knee
under local anesthesia with Procaine 2%. From
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these, pure epidermal sheets were obtained by
tryptic digestion following the method described
by Szabó (10). These were then fixed for one to
two hours in formol calcium chloride, and indi-
vidual specimens were incubated with different
substrate mixtures as follows:
I. 0.05% L-tyrosine buffered at a pH of 6.8 with
phosphate buffer. Incubation for 24 hours at 2 to
30 C was followed by further incubation at 38° C
for varying periods up to a further 24 hours. The
specimens were examined under the microscope at
regular intervals throughout incubation at the
higher temperature in order to study the develop-
ment of reaction in the melanocytes.
II. A similar 0.05% solution of L-tyrosine, to
50 mis of which, 0.4 ml. of 1% aqueous copper sul-
phate solution was added. Incubation periods and
procedure as in I. above.
III. Buffered (pH 6.8) 0.1% solutions of (a)
L-tryptophane and (b) 5-hydroxy-tryptophane.
Incubation periods and procedure as in I. above.
IV. 0.1% "Dopa" (pH 7.4). Incubation was
carried out for a period of 6 to 8 hours at 38° C.
After incubation, each epidermal sheet was
fixed for a further period of 12 hours in formol
calcium chloride, dehydrated, cleared, and
mounted "dermal side up" in Canada balsam.
Melanocyte counts were carried out on some
specimens in accordance with the procedure
described in a previous publication (I).
RESULTS
A. Tyrosine Rewtion
A positive reaction developed in the melano-
cytes of both freckle and paler epidermis of all
specimens incubated with buffered tyrosine alone.
The following differences however, were con-
sistently noticed:
I. The reaction develops earlier in the melano-
cytes of the freckle. Thus, while no reaction is
present in either group of cells after incubation
for 24 hours at 2°C it begins to develop in the
melanocytes of the freckle after a further period
of 3 to 4 hours at 38°C. Melanocytes of the ad-
joining paler epidermis show no reaction for a
further period of 7 to 8 hours or so (Table 1).
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TABLE I
Tyrosine reaction. Times of appearance oJ reaction
in melanocytes of freckle and pale epidermis on
incubation with lyrosine alone, and with tyrosine
plus copper sulfate. Times given, are in hours
at 38°C, following previous incubation at 2—3°C
for 24 hours. Averages of a number of specimens.
Tyrosine alone Tyrosine + Copper Sulfate
Freckle Pale Area Freckle Pale Area
3—4 hrs. 10—12 hrs. 1 hr. 3—5 hrs.
II. Once the reaction has become apparent, its
intensity at any given incubation period is always
greater in the melanocytes of the freckle. The
reaction appears to reach a maximum in the cells
of both areas after incubation for 18 hours or so
at 38°C, and little change is apparent on further
incubation up to 24 hours at this temperature.
III. There are significantly fewer tyrosine-
positive cells per unit area in a freckle than in the
surrounding paler epidermis. For example, in
Specimen No. 3 (knee), the mean number of
melanocytes per square millimetre in freckle and
paler epidermis was found to be 901 8, and
1441 40 respectively. This difference is of a
similar order to that previously found in "Dopa"
preparations (1) and was consistently present in
both forearm and knee preparations. An impres-
sion of this difference in population density can
be gained by comparing Figs. 1 and 2.
IV. Freckle melanocytes are larger than those
of paler epidermis, and their dendritic processes
are longer and more numerous (Figs. 1 and 2).
These findings closely parallel those in "Dopa"
preparations of similar material (1). The only
demonstrable difference between the two lies in
the slower development and lesser final intensity
of the tyrosine, as compared with the "Dopa"
reaction, within the individual melanocytes. No
significant difference was encountered between
the numbers of tyrosine-positive and "Dopa"-
positive cells in either of the two areas (forearm
and knee) from which specimens were obtained.
It may be noted that such differences were noted
by Szabó (2) in certain regions of the body.
B. Tyrosine reaction in the presence of copper
suif ate
The presence of dilute copper sulfate in the
substrate solution leads to a speeding up of the
reaction in the melanocytes of both freckle and
pale epidermis (Table 1). For any incubation
period up to approximately 18 hours at 38°C, the
reaction was found to have developed further in
FIG. I. Whole mount ("split-skin") preparation of an area of freckle viewed from the dermal surface,
to show tyrosine reaction ml the melanocytes following incubation with tyrosine and copper sulfate
for 24 hours at 2—3°C, and 24 hours at 38°C. Magnification 230X. Compare with Fig. II.
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FIG. II. Similar preparation from an immediately adjacent paler area of the same specimen of skin.
Note that despite the presence of copper sulphate, the tyrosine reaction is much weaker in the melano-
cytes of the paler epidermis than in those of the freckle (Fig. I). Note also, differences in size and popu-
lation density between the cells of the two areas. Magnification, 230X.
the cells (of both freckle and pale epidermis) of
these specimens than in those incubated in tyro-
sine alone. After 18 hours at 38°C, the difference
between the two becomes increasingly less ap-
parent, and after 24 hours at this temperature
the intensity of the reaction would appear to he
about the same in both. This latter conclusion is
put forward rather tentatively, since it is not
easy to make an absolute judgement of this sort
when dealing with the type of material used.
However, a similar conclusion was reached by an
independent observer.
As is the ease with specimens incubated with
tyrosine alone, the reaction develops earlier in
the melanoeytes of the freckle, and reaches a
greater final intensity than in the cells of the
paler epidermis (Figs. I and 2). The time differ-
ence between the initial appearance of reaction
in the two groups of melanoeytes is considerably
reduced in the presence of copper sulfate (Ta-
ble 1), but this reduction is roughly proportional
to the general acceleration of the reaction in both.
It can be concluded from these experiments
tbat the presence of an excess of copper in the
substrate solution does not abolish differences in
tyrosinase activity between melanoeytes of
freckle and paler epidermis which are present on
incubation with tyrosine alone. Neither does it
appear to have much effect on the final intensity
of the tyrosine reaction in either group of cells.
C. Tryptophane reaction
No reaction was seen in the melanoeytes of any
of the specimens incubated with buffered solu-
tions of L-tryptophane, and 5-hydroxy-tryp-
tophane. From this it was concluded that neither
of these two amino-acids is likely to serve as a
substrate in normal human melanogenesis.
DISCUSSION
This investigation has shown that localized
variations in tyrosinase activity occur among the
melanocytes of freckled epidermis, and suggests
that these variations may be correlated with
morphological differences and differences in pop-
ulation density of the cells concerned, as well as
with the amount of preformed epidermal mela-
nin. In those areas where melanin is most abun-
dant, the melanoeytes are typically large with
numerous branching processes, relatively sparsely
distributed, and exhibit a relatively high level of
individual tyrosinase activity. These findings,
based upon observations on the tyrosine reaction,
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are identical with those achieved when "Dopa"
is used as a substrate (1).
These results merit some discussion in the light
of findings of other workers. Hu and co-workers
(3) found that melanocytes cultured from pig-
mented human skin invariably exhibit a more
intense "Dopa" reaction than those from white
skin. This is very much in line with the present
finding of an apparently direct correlation be-
tween both "Dopa" and tyrosine activities of
individual melanocytes and the amount of pre-
formed melanin in a given area. This simple
correspondence between observed melanogenic
activity of melanocytes with exogenous tyrosine
and their activity in producing melanin in. vice,
should perhaps be stressed in view of doubts re-
cently cast upon the role of tyrosine as a physi-
ological substrate in melanogenesis (11). The
thesis of Hu et at. (3) that "capacity of melano-
genesis is correlated with the size of pigment
cells", is also in line with the present findings.
Staricco and Pinkus's (4) observation of a trend
for colored skin to be at the lower end of a scale
of melanocyte population density per unit area,
agrees to some extent with the present one that
heavily pigmented areas are relatively sparsely
populated. One might justifiably conclude there-
fore, that the properties under discussion may
not be peculiar to melanocytes of freckled epi-
dermis, but may apply to human melanocytes in
general. That they arc more evident from an
examination of freckled epidermis might reason-
ably be expected since this presents sharply cir-
cumscribed areas of markedly different degrees
of pigmentation.
If one attempts to go further, and suggest that
these properties might apply to mammalian
melanoeytes in general, one comes up against
certain results which suggest that this may not
be the case. Foster (5, 6) in a series of experiments
involving the use of homogenates of fetal guinea
pig and mouse skins found no simple correlation
between observed melanogenie activity and
amount of naturally occurring melanin. From
another series of experiments on mouse skin, he
and co-workers (7) concluded that under certain
conditions dense populations of melanocytes de-
velop more pigment than sparse populations on
incubation with exogenous tyrosine. These re-
sults appear to be the direct opposite to those
achieved in human material, and if one attempts
to apply both to melanocytes in general, a direct
conflict is the result. Presuming that the differ-
ence is not due to the widely differing teehnics
employed in the two instances, the results might
be reconciled by postulating the occurrence of
inter-specific differences in certain properties of
melanocytes. That this is very probable is
strongly suggested by the fact that whereas
mouse melanocytes can apparently utilize tryp-
tophane in pigment formation (9), those of the
human and the chick (11) cannot. There is an-
other feature whereby both mouse and guinea
pig skins differ from human, which makes com-
parison of results and attempts at generalization
more difficult. In the former, hair-bulb melano-
cytes predominate, while in the latter, the mel-
anocytes are mainly basal in situation, and it is
known that the properties of cells in these two
situations may differ somewhat even in the same
individual. Again, in laboratory animals one may
be dealing with melanocytes producing two dif-
ferent varieties of melanin (enmelanin and phaeo-
melanin). These considerations underline the
necessity for caution in attempts to explain
physiological phenomena in one species in terms
of experimental findings in another, and lead one
to conclude that properties ascribed to melano-
cytes in particular situations in particular species,
cannot necessarily be taken to apply to all
melanocytes.
Variations in the pigmentary response of differ-
ent individuals, and of different areas of the same
individual to irradiation with ultra-violet light
are commonly interpreted in terms of differences
in the epidermal level of sulfhydryl groups af-
fecting availability of copper for the enzyme
tyrosinase. Briefly, according to this theory there
exists in unirradiated skin a competition between
the two for available copper. Ultra-violet irradia-
tion by destroying sulfhydryls, provides more
copper for use by the enzyme, whereupon it can
more freely act upon the substrate tyrosine and
produce melanin. Since it is of some significance
to establish what factors are responsible for de-
termining the actual site of freckle formation in
the epidermis, the possibility that this, and the
phenomenon in general, can be explained in terms
of sulfhydryl inhibition merits examination.
Irradiation of the skin of a freckler produces an
uneven pigmentary response, which as has been
seen, can be accounted for in terms of differential
melanocyte activity whereby some groups re-
spond more actively than others. Can this differ-
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ence in activity in turn be explained in terms of
local differences in the concentration of epidermal
sulfhydryls affecting availability of copper for the
enzyme within the melanocytes? Results of
experiments described above suggest that it can-
not. Thus, provision of excess of copper in a tyro-
sine medium in which freckled epidermis is incu-
bated does not abolish differences in melanocyte
activity evident when similar material is incu-
bated in tyrosine alone. Were these differences
solely due to local differences in availability of
copper, one might expect them to disappear when
excess is provided. That they do not, strongly
suggests that sulfhydryl inhibition is unlikely to
be a major factor (if it is one at all) in determining
the localization of individual freckles.
If freckling is to be accounted for in terms of
sulfhydryl inhibition, certain natural features of
the phenomenon would have to be explained on
the basis of local and temporal variations in epi-
dermal sulfhydryl concentration occurring in
freckled individuals as distinct from those who
tan generally. Ability to tan is present from
shortly after birth, but (despite irradiation)
freckles do not usually appear before the age of
two to three, and manifest themselves originally
as minute specks which spread very slowly into
the surrounding paler epidermis. If their appear-
ance and spread is to be explained in terms of the
sulfhydryl theory, this would require that in
freckled subjects there is from birth up to the age
of three a higher general level of sulfhydryls in
the epidermis than in those who tan, and that at
this latter age they become unevenly distributed
thereby permitting the genesis of freckles in
areas of relatively low concentration. While there
is some evidence that the sulfhydryl coatent of
pigmented skin is lower than that of pale skin
(12) (but this has been questioned (13)), it is
difficult to conceive of a physiological process
coming into operation two or three years after
birth in potential frecklers which could plausibly
account for the uneven distribution of sulfhydryls
required if freckling is to be explained on this
basis. Neither does it seem likely that in such
individuals the epidermal sulfhydryls are par-
ticularly resistant to destruction by ultra-violet
irradiation up to the age of three, and subse-
quently become more susceptible in those situa-
tions where freckles appear.
The boundary between a freckle and the ad-
jacent paler epidermis is very sharp, and lies
within the territory of a single melanocyte. Ac-
cordingly, in freckled skin there occur adjacent
cells whose processes are in direct contact, each
exhibiting widely different degrees of melanogenic
activity. If this is to be explained in terms of the
level of epidermal sulfhydryls then the concen-
tration of these substances must differ in the two
cell territories, and this result must have been
brought about either through the operation of
some physiological agent, or through an unequal
effect of ultra-violet irradiation, which was pre-
sumably of the same intensity in the two areas.
On the face of it, neither explanation is entirely
convincing, besides which, there is no evidence
that such sharply demarcated differences in
sulfbydryl concentration occur in human epi-
dermis.
From these considerations, and others which
could be cited, it is concluded that the sulfhydryl
inhibition theory is unlikely to provide an ada-
qnate basis to account for the phenomenon of
freekling. Other factors such as morphological
differences between the melanocytes of freckle
and pale epidermis as well as differences in popu-
lation density must be taken into account. Con-
sidering these differences in association with the
difference in functional activity, one is tempted
to suggest the existence in freckled epidermis of
two genetically distinct types of melanocyte, such
as occur for instance in the black and white spot-
ted guinea-pig, and that it is the location of rep-
resentatives of these different types which deter-
mines the site of freckles. Were freckles present
from birth, this might seem a reasonable explana-
tion, but the fact that freckling is a character
which is acquired post-natally in response to an
environmental stimulus rather complicates the
issue, and until further information is forth-
coming on the morphology, distribution, and
functional activities of the melanocytes of poten-
tial frecklers from birth up to the time at which
they begin to develop freckles, this problem of
localization is likely to remain unsolved.
SUMMARY
Observations on the tyrosine reaction in freck-
led human epiderniis indicates that there is a
direct correlation between the tyrosinase activity
of individual melanocytes with exogenous tyro-
sine, and the amount of preformed melanin in a
given area of epidermis. Capacity for melano-
genesis would also appear to be correlated with
158 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
the size and density of distribution of pigment
cells in this material, and it is suggested that
these properties probably apply to human mel-
anoeytes in general.
Differences in the tyrosinase activities of the
melanocytes of freckle and paler epidermis which
are evident on incubation with tyrosine, are not
abolished by the provision of an excess of copper
in the substrate medium. This consideration, and
certain others relating to the natural features of
the phenomenon of freckling, strongly suggests
that the localization of individual freckles cannot
be accounted for in terms of local differences in
the concentration of epidermal sulfhydryls af-
fecting availability of copper for the enzyme
tyrosinasc.
Human melanocytes show no reaction on in-
cubation with either L-tryptophane, or 5-hy-
droxytryptophane.
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